
Physics 4C Practice Test Questions from Ch19-20
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May 1, 2020

Please show your work! Answers are not complete without clear reasoning. When asked
for an expression, you must give your answer in terms of the variables given in the question
and/or fundamental constants.

Answer as many questions as you can, in any order. Books and notes are not allowed.
Use any blank space to answer questions, but please make sure it is clear which question
your answer refers to.

g = 9.8 ms−2

P0 = 1.013 × 105 Pa = 1 atm

R = 8.314 J mol−1 K−1

kB = 1.38 × 10−23 J/K

NA = 6.022 × 1023

mp = 1.67 × 10−27 kg

σ = 5.6696 × 10−8 W m−2 K−4

1 cal = 4.186 J

1 eV = 1.60 × 10−19 J

Fahrenheit to Celsius:
([◦F] − 32) ÷ 1.8 =[◦C]

Celsius to Fahrenheit:
([◦C] × 1.8) + 32 =[◦F]
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1. [12pts] A sample of a solid substance has a volume V0 and a density ρ0 at a temperature
T0. The specific heat capacity of the sample is c and the coefficient of volume expansion
is β. The solid sample is heated at in air at constant pressure P0. If the temperature
of the substance is increased by an amount ∆T and it remains a solid,

(a) find and expression for the new density of the substance. [4 pts]

(b) what is the work done on the sample as it is heated? [4 pts]

(c) what is the change in the internal energy of the sample? [4 pts]
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2. The rectangular plate shown has an area Ai equal to `w. For this plate α is the average
coefficient of linear expansion.

(a) If the temperature increases by ∆T , show that the increase in area is ∆A =
2αAi∆T . [5 pts]

(b) What approximation does this expression assume? [1 pt]

 Problems 587

each dimension increases according to Equation 19.4, 
where a is the average coefficient of linear expansion. 
(a)  Show that the increase in area is DA 5 2aAi DT.  
(b) What approximation does this expression assume?

 62. The measurement of the average coefficient of volume 
expansion b for a liquid is complicated because the con-
tainer also changes size with temperature. Figure P19.62  
shows a simple means for measuring b despite the 
expansion of the container. With this apparatus, one 
arm of a U-tube is maintained at 08C in a water–ice 
bath, and the other arm is maintained at a different 
temperature TC in a constant-temperature bath. The 
connecting tube is hori-
zontal. A difference in 
the length or diameter 
of the tube between 
the two arms of the 
U-tube has no effect on 
the pressure balance 
at the bottom of the 
tube because the pres-
sure depends only on 
the depth of the liquid. 
Derive an expression for 
b for the liquid in terms 
of h0, ht, and TC.

 63. A copper rod and a steel rod are different in length by 
5.00 cm at 08C. The rods are warmed and cooled 
together. (a) Is it possible that the length difference 
remains constant at all temperatures? Explain. (b) If 
so, describe the lengths at 08C as precisely as you can. 
Can you tell which rod is longer? Can you tell the 
lengths of the rods?

 64. A vertical cylinder of cross-
sectional area A is fitted with a 
tight-fitting, frictionless piston 
of mass m (Fig.  P19.64). The 
piston is not restricted in its 
motion in any way and is sup-
ported by the gas at pressure P 
below it. Atmospheric pressure 
is P0. We wish to find the height 
h in Figure P19.64.  (a) What 
analysis model is appropriate to 
describe the piston? (b) Write 
an appropriate force equation 
for the piston from this analy-
sis model in terms of P, P0, m, 
A, and g. (c) Suppose n moles of 
an ideal gas are in the cylinder at a temperature of T. 
Substitute for P in your answer to part (b) to find the 
height h of the piston above the bottom of the cylinder.

 65. Review. Consider an object with any one of the 
shapes displayed in Table 10.2. What is the percentage 
increase in the moment of inertia of the object when 
it is warmed from 08C to 1008C if it is composed of  
(a) copper or (b) aluminum? Assume the average lin-
ear expansion coefficients shown in Table 19.1 do not 
vary between 08C and 1008C. (c) Why are the answers 
for parts (a) and (b) the same for all the shapes?
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How many extra kilograms of gasoline would you 
receive if you bought 10.0 gal of gasoline at 08C rather 
than at 20.08C from a pump that is not temperature 
compensated?

 57. A liquid has a density r. (a) Show that the fractional 
change in density for a change in temperature DT is 
Dr/r 5 2b DT. (b) What does the negative sign signify?  
(c) Fresh water has a maximum density of 1.000 0 g/cm3  
at 4.08C. At 10.08C, its density is 0.999 7 g/cm3. What is 
b for water over this temperature interval? (d) At 08C, 
the density of water is 0.999 9 g/cm3. What is the value 
for b over the temperature range 08C to 4.008C?

 58. (a) Take the definition of the coefficient of volume 
expansion to be
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  Use the equation of state for an ideal gas to show that 
the coefficient of volume expansion for an ideal gas at 
constant pressure is given by b 5 1/T, where T is the 
absolute temperature. (b) What value does this expres-
sion predict for b at 08C? State how this result com-
pares with the experimental values for (c) helium and 
(d) air in Table 19.1. Note: These values are much larger 
than the coefficients of volume expansion for most liq-
uids and solids.

 59. Review. A clock with a brass pendulum has a period of 
1.000 s at 20.08C. If the temperature increases to 30.08C, 
(a) by how much does the period change and (b) how 
much time does the clock gain or lose in one week?

 60. A bimetallic strip of length L is made 
of two ribbons of different metals 
bonded together. (a) First assume 
the strip is originally straight. As the 
strip is warmed, the metal with the 
greater average coefficient of expan-
sion expands more than the other, 
forcing the strip into an arc with 
the outer radius having a greater 
circumference (Fig.  P19.60). Derive 
an expression for the angle of bending u as a function 
of the initial length of the strips, their average coeffi-
cients of linear expansion, the change in temperature, 
and the separation of the centers of the strips (Dr 5  
r2 2 r1). (b) Show that the angle of bending decreases 
to zero when DT decreases to zero and also when the 
two average coefficients of expansion become equal. 
(c) What If? What happens if the strip is cooled?

 61. The rectangular plate shown in Figure P19.61 has an 
area Ai equal to ,w. If the temperature increases by DT, 
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3. A copper calorimeter with a mass of 250 g contains 500 g of water. The calorimeter
and water are in thermal equilibrium at 15.0◦C. A metallic block is placed into the
water, which has a mass of 150.0 g and is originally at a temperature of 125◦C. The
entire system stabilizes at a final temperature of 20.0◦C. The specific heat of copper is
387 J kg−1 ◦C−1. Determine the specific heat of the unknown sample. [6 pts]
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4. Consider n moles of an ideal gas being taken once through the (Stirling engine) cycle
shown, consisting of two isothermal processes at temperatures 4Ti and Ti and two
constant-volume processes.

686 Chapter 22 Heat Engines, Entropy, and the Second Law of Thermodynamics

environment. To follow Carnot’s reasoning, suppose 
some other heat engine S could have an efficiency of 
70.0%. (a) Find the energy input and exhaust energy 
output of engine S as it does 150 J of work. (b) Let  
engine S operate as in part (a) and run the Carnot 
engine in reverse between the same reservoirs. The 
output work of engine S is the input work for the Car-
not refrigerator. Find the total energy transferred to 
or from the firebox and the total energy transferred 
to or from the environment as both engines oper-
ate together. (c) Explain how the results of parts  
(a) and (b) show that the Clausius statement of the sec-
ond law of thermodynamics is violated. (d)  Find the 
energy input and work output of engine S as it puts out 
exhaust energy of 100 J. Let engine S operate as in part 
(c) and contribute 150 J of its work output to running 
the Carnot engine in reverse. Find (e) the total energy 
the firebox puts out as both engines operate together, 
(f) the total work output, and (g) the total energy 
transferred to the environment. (h) Explain how the 
results show that the Kelvin–Planck statement of the 
second law is violated. Therefore, our assumption 
about the efficiency of engine S must be false. (i) Let  
the engines operate together through one cycle as in 
part (d). Find the change in entropy of the Universe. 
(j) Explain how the result of part (i) shows that the 
entropy statement of the second law is violated.

 69. Review. This problem complements Problem 88 in 
Chapter 10. In the operation of a single-cylinder inter-
nal combustion piston engine, one charge of fuel 
explodes to drive the piston outward in the power stroke. 
Part of its energy output is stored in a turning flywheel. 
This energy is then used to push the piston inward 
to compress the next charge of fuel and air. In this 
compression process, assume an original volume of  
0.120 L of a diatomic ideal gas at atmospheric pressure 
is compressed adiabatically to one-eighth of its original 
volume. (a) Find the work input required to compress 
the gas. (b) Assume the flywheel is a solid disk of mass  
5.10 kg and radius 8.50 cm, turning freely without fric-
tion between the power stroke and the compression 
stroke. How fast must the flywheel turn immediately 
after the power stroke? This situation represents the 
minimum angular speed at which the engine can oper-
ate without stalling. (c) When the engine’s operation is 
well above the point of stalling, assume the flywheel 
puts 5.00% of its maximum energy into compressing 
the next charge of fuel and air. Find its maximum 
angular speed in this case.

 70. A biology laboratory is maintained at a constant tem-
perature of 7.00°C by an air conditioner, which is vented 
to the air outside. On a typical hot summer day, the 
outside temperature is 27.0°C and the air-conditioning  
unit emits energy to the outside at a rate of 10.0 kW. 
Model the unit as having a coefficient of performance 
(COP) equal to 40.0% of the COP of an ideal Car-
not device. (a) At what rate does the air conditioner 
remove energy from the laboratory? (b) Calculate the 
power required for the work input. (c) Find the change 

expression for the coefficient of performance (COP) 
for such an air conditioner in terms of Th and Tc .  
(b) Would such an air conditioner operate on a smaller 
energy input if the difference in the operating temper-
atures were greater or smaller? (c) Compute the COP 
for such an air conditioner if the indoor temperature is 
20.0°C and the outdoor temperature is 40.0°C.

 67. In 1816, Robert Stirling, a Scottish clergyman, pat-
ented the Stirling engine, which has found a wide vari-
ety of applications ever since, including current use 
in solar energy collectors to transform sunlight into 
electricity. Fuel is burned externally to warm one of 
the engine’s two cylinders. A fixed quantity of inert 
gas moves cyclically between the cylinders, expanding 
in the hot one and contracting in the cold one. Fig-
ure P22.67 represents a model for its thermodynamic 
cycle. Consider n moles of an ideal mon atomic gas 
being taken once through the cycle, consisting of two 
isothermal processes at temperatures 3Ti and Ti and 
two constant- volume processes. Let us find the effi-
ciency of this engine. (a) Find the energy transferred 
by heat into the gas during the isovolumetric process 
AB. (b) Find the energy transferred by heat into the gas  
during the isothermal process BC. (c) Find the energy 
transferred by heat into the gas during the isovolu-
metric process CD. (d) Find the energy transferred 
by heat into the gas during the isothermal pro-
cess DA. (e) Identify which of the results from parts  
(a) through (d) are positive and evaluate the energy 
input to the engine by heat. (f) From the first law of 
thermodynamics, find the work done by the engine. 
(g) From the results of parts (e) and (f), evaluate the 
efficiency of the engine. A Stirling engine is easier to 
manufacture than an internal combustion engine or 
a turbine. It can run on burning garbage. It can run 
on the energy transferred by sunlight and produce no 
material exhaust. Stirling engines are not currently 
used in automobiles due to long startup times and 
poor acceleration response.
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 68. A firebox is at 750 K, and the ambient temperature is 
300 K. The efficiency of a Carnot engine doing 150 J 
of work as it transports energy between these constant- 
temperature baths is 60.0%. The Carnot engine must 
take in energy 150 J/0.600 5 250 J from the hot reser-
voir and must put out 100 J of energy by heat into the 
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(a) Find an expression for the net work done on the gas in a single complete cy-
cle. [5 pts]

(b) What is the net heat transferred into the gas during a single complete cycle? [2 pts]
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